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(54) CnOCOB M3rOT08/lEHl4J^ roa>PI4PO- 
BAHHOrO CTA/lbHOrO R/lACTblPfl 
(57) CyiUMocTb M3o6peTeKM5*: TepMoo6pa6oTKy 
nnacTWpP TOKaMw awcoKoi^ MacroTbi ocyu^ecr- 
B/iRioT nocne ro4>pMpoBdHMii. a cMaaoMMui^ 

C/lOft HBHOCRT HOaTOpHO ROC/ie OK/ia)KA<iHM«. 

npe/v^sraeMbii'i cnocoS noaaonsieT aa cMer no 
BMUieMMJi n/iacTM^iHiiix cBoii^CTB Meran/ia na- 
AexHO oeecneMWTb repweTwaauwH) 
peMOHTMpyeMoro yqacTKa CKaancMHU. 1 rabsi. 



MsoOpereHMe othocmtcd k o6pa6oTKe mo- 
TBiina AaBiieHMBM, a MacTHOCTrt k TexHonorww 
MarOToaneHUR fo<t>pMpoBaMHbix Tpy6. 

OCHOBMWMM OnCpaUHHMM B TCXHOflOrMSe- 

CKOM npouecce HsroToaneHiiH TOHKOCTeHH**x 
ro<t)PMpoaaMHwx Tpy6 AB/inetcn xonoAMan Ae- 
<;>opMaui^n, -HanpMMep aonoMeHUie m npOKaixa 
Tpyb, xMMw^ecicaj? oSpaSoTxa. tepwHsocicaR 
o6pa60TKa iui» ch«tm« ocTatOHHwx Hanpuxe- 
HM(ii, B03HwicaK)aiwx B peay/ibTBTfe Ae^opMa- 

UHM H np04i*1/»MpOBdHMII MBTOAOM HdKaTKM. 

M38CCt9H cnoco6 HarorooneMMP Tpy6 c 
npOAonbHirfMM fCht>paMM nyreM AayxsTanHoro 
<^opMOBdHitsi Tpy6bi-3aroTOBKM. npuMew Ha 
nepaoM 3T*ne ee ro<}>pMpyiOT paAwa/ibMUMw 
yCMflWRMM. a Ha BTOpoM sTaoe oOxciiMaiot b 
npo4»viiTMpoaaHHOi) BO/ioice. 

OAHaico BoaHVfXdtoiuMe a peayflbTare 
c/iowHOA A^opMam^H ocTaroHHwe HanpHMe- 
HMsi He AaiOT AoctaTOMHO£< nonepCHHOft npon- 

HOCTM, M^Tartfl CTaHOBMTCR XpynKMM M 



HenpMfOASH B KaM6CT8e .liiacTwpw npn pcmoh- 
TB obcaAHOil KOfioHHW a cxaaMitHe. 

Xln» w«T*4fl ocratOMHbix ManpswKeMMiJi rpy- 
6u noAacpraiOT TepMWMecKOi* o6pa6oTKe - ot- 
jKwry o nenax Twna nCCM)6 m/h/J !^CO-0y w 
nonyneHMR na Tpy6ax oicwctio^^ n/ienicM, ew- 
nonHsiioiueA 4>yHKMMM noAMaaoMHoro noxpw- 
TMR M o6naAaiome(^ AocraTOMHOM 
nopMCTocTbio n aACOp6i4MOHHOi» cnoco6Ho- 
ctbio K CMaaxe. 

ktsaecTeH jax^xe cn6co5, npw kotopom 
TOHKOcreHHbtB npo<{>MflbHwc TpyOw fipaajjT 
pacrRxceHMBM m pa3Ad«<ect c narpeBOM na anex- 
TporepMkwecxoM oCopyApaaHMM, CnaMana aa- 
rCTOeicy Tpy6bi HarpeaaiOT roxaMn 
conpOTMBAeMMfl AO reMfiepaTypbi 0T)KMra, a 
sareM itocne ox/ia)KAeHMji paaAaior npn homo- 

UXW fCOMWMeCKOA onpdBXM. 

HeAOCTaTOftc cnoco6a aax/iKJMaeTcn a tom. 

HTOnpM M3/lO)KeHMM nABCTbipR H3 KOOTOXOKeH- 

HbiX Tpyd uoynQi npowcxoAwTb pa3pu0 no 
npCK^M/ibHoA DDpa3yK>iue»^. a npw Ka/ioxeHWM 
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n/iacTwpd m3 oTOM>KeHMbix ipyO c noc/ie;iy»0" 
iuhm ro4>pKpOBaHMeM mo^kct r.poncxoA*^'^** 
paaoeaMne-MwicpoipeuiMH bo enaAMnax m na 
awcrynax npoAO^bH wx ro<})p npw Ae<t>opM3uviwi 
MX AO UM/iMMAPMHecKOJ^ c{)opMW. KOfAa ee nnoT- 
MO npw)KMMaiOT (HaKaxbiaaiOT) AopHvipyjomev* 
ronOBKOi^ k BMyTpeHMeA noeepxHOCTM o6caA- 
MOfi Ko;tOHMW. B peay/itrare ne o6ecnem4Ba- 
ercft HaAtJ^HocTb repMerwaaawM wa-aa 
MM3K0^i n;iiBCTvmHOCTvi MeTBuna ro4>pMpoeaM- 
Moro n/iacTwpsi. 

Lle/ibK> n3o6peTeHii» flenAetcn noawuie- 
MMe MaAe>KH0CTM repMeTwaauMM o6ca)KeKHO« 

CKB35KMHU RyrCM nOBUiUeHUn nnaCTMMHOCTW 

Meranna n/iacTwpa. 

CyiuHOCTb vi3o6peTeHviJi 3a»cn»0Ma€TCJi b 

TOM. HTO TepM006pa60TKy TOKaMU BblCOKOMMa- 

CTOTu ocyweCTBn«iOT nocne ro(t>p^ipooaHMfl, a 

■ aaTCM nOBTOpHO MaHOC«T CMaSOMHUI^ Cf\OV\. 

B peay/ibTare aMaKonepeweHMbix Ae<j>op- 
MauMft, KOTOpwM noAoepracTCR Meran/ia Tpy6 
npw ro<t>p^.paBaHMii kax b npouecce waroroB- 
iieMMfl nnacTbipeC^. tbk m npw pasAase b npo- 
uecce ycraMOBKn b cKBa)KHHax, npOMcxoAviT 
anamiTenbHoe ynpOHHeHwe Mera/ina, npusew 
HaM6o/ibUjMe aHaMenun ynpOMMenviiH npwxoA" 
»TC« Ka BnaAMHW ro<j)pMpoBaHHWx Tpy6. 

MaMeneMMe TaepAOCTw (Hv) cranM MapKvi 
to npw TepM0oepa6oTKe, ro<t>piip06aHMvi m 
pasAa^e fSnaCTwpfl noicaaaHO b raB/iMue. 

l/l3 Ta6nviuw bwaho. MTOTaepAOcrb Meran- 
iia n/»acTb«p« noc/ie paa^ami b o5caAHOi^ Tpy- 
6e AOCTwraeT HaM6o/^bUiMx aMaMCHwCi, ecnw 
nnacTwpb waroTaB/ivtBanca na HeTepM0o6pa- 
eoTaHHOfi Tpy6w, flpw wafOTOBneHHW nnacTW 
peii^ V13 npeABapHTe/ibHO TepMO06pa6oTaMMbix 
Kpyrnbix Tpy6 opu rQ<t)pvipoBaHviM reepAOCTb 
MecKOrtbKOCHM?KaeTCfl nocpaaMeHMK)c Herep- 
MOo6pa6oTaHHbiMM aaroTOBKaww. ho nocne 
paaAaMM TBCpAOCTb BoapacTaer homtm ao Toft 
xe ae/iuMMHW; hiq m 6e3 T€pMOo6pa6oTKM. Ho- 
cne TepMHHecKOv* o5pa6oTkw ro<{)pvtpoBaHHwx 
Tpy6 c HarpeBOM TOKaMw bwcokom MacTOTw 
TsepAocTb CMi45KaeTC» sHaHHTcnbHo, a no- 
cne pasAaMw ona MCHbiue, mom y HexepMOoe- 
pa6oTaHHbix. 

B oTmiMwe OT neMHoro wnw raaoBoro Ha- 
rpeaa npn o6pa5oTKe aaroioBKw tokamh bwco- 
KOA MacTOTw npoMCXOAMT HeanaHMTenbHoe 
M3MeHeK«ie<>opMu eenpo<l>vinn, na nosepXHo- 
CTuxpyOu oBpaayeicfl tomkvii^ cnof?^ oKanwHW, 
KOTOpbiiSi'He OTcnaweaeTcw b npouecce Ae<J)Op- 
MauHH ~ oaaAaMM. CwaaoMHw^ cnov» HanocwT- 

CP Ha BHyTpeHHlOlO noBepxHOCTb 
OTO>K)KeHHWK npoAonbHO'ro<t)pi^poBaHMbix 
Tpy6 nocne i^x oxna>KAeHM«. Oh npeAOXpaHRCT 
BHyrpeHHioo noBepxMoctb ot KOpposHOHHoro 
paapyuieHMsi a npouecce axcnnyaiauvii^ w chm- 
)KeHHn oceBbix ycnnnH e npouecce paaAa^ti 
nnaCTupei). 



n p H M e p /Ihr pcMOMTa oGcbahoh ko- 
noHMb* A^^'^^^PO^^ c Tonmv^HOM creHicvi 

8 MM nnaCTbipb HGroraanMBaKDT via TOHxocTeH- 
HOM Tpy6bi AvfdMerpoM 130 mm c TonotHHoA 
5 creHKM 3 mm 113 ciann MapKu* 10. AnwHa rpySw 
9-11.5 M. 

Ha BHyTpeHHioK) noaepxHOCTb Tpy6w na- 

HOCAT C/IOH rpa(t>MTOBOi1 HAM APyroA CMd3KU. 

npeAHaanaMCHHOk^ Ann cHuxeHH^i ycunntfi ro<p" 
10 pvtpoBaHMfl. ro<t)pvipoaaH«e uHnwHApwMecKotf^ 
rpyObi npOH3BOAJ>x na cneuvianbHo^^ ycraHOB- 
xe nepea ponnKoeyio ronoaxy c BHyrpeHHevi 
npo<J>wnbHOf%onpaBKO<^. nonyMaercR npoAonb- 
HO-ro<t>pvipOBaHH3» Tpy6a c HapyjxHWM A**a- 
1 5 MeipOM 11 6 MM H MucnoM ro<pp 6 v^n^^ 8. SareM 
npoM3BOAMTCJi pnxTOBKa ro4)pi/»poBaHHOM rpy- 
Ow nocne OTpeaxw ee na aaAawHyio An^Hy. 

SaxcM npow360Ai^TCH TepMMMecxan o6pa- 
6oxKa npOAonbHO'ro<l>pHpOBaHHOM Tpy6bi - 
20 HopMannsauMH c narpeaoM roxaMw bwcokoC^ 
MBcxoThi Ha ycxatiOBxe BMP 30/6. npvi atOM 
npoAonbH0-ro<t>PMpOBaHHa« xpy6a ycxanae- 
nMBaexcn ropvtaoHxanbHO na ponwxOBbix ono- 
pax M c onpeAeneHHOi?> cxopocTbK) 
25 npoA»»^''aeTCfl sepea wHAyxxop. 

Oxna>KAeHMe xpy5u npoMSBOAwxca na 
BOSAyxe. CMaaxa, xoxopafl Bwna Hanecena ne- 
peA rocJ)puipoBaHHeM. Bwropaex. 

TaK xax B cKoa>KHH8 npM ycxanoBKe nna- 
30 cxbipfl Q HHxepaane peMOnia nponsBOAwxcfl 
pasAa'^a nnacxbipfl ao Kpyrnow'i <))opMb( m npw- 
>Katnfl K cxBHKe o6caAHO^i xpySw, xo npw aiOM 
B03HMKaior eonbiune xonxaKXHwe narpyaxn 
MejKAy nnacxwpeM h wHcxpyMenxoM An« paa- 
35 Aann, /JnB CHii>KeHH» axwx narpysox na sHyx- 
peHHioK) noaepxHOCTb nnacxbipa ManocMxcft 
BTOpwMHo CMa30MHWiP» cnoti, xoxopwi^ cnyxcwx 

KBK An« CHM)KeHMJI yCH/lHft, B03HMKaK)mMX npH 

pa3Aa*^e nnacxbip^, t9K h Ann npeAOxpaneHwrt 
40 axoi^k noeepxHOcxM ox xoppoawOHHoro paapy- 
iiieHH5) 8 npouecce axcnnyaxauv^H. 

CoMeiaHHa xepMMsecxoii oSpaSoxxw nna- 
CTwpeft nocne ro4>pwpoBaHwfl w Hanf^ceHwe 
CMaaoMHoro cnofl na SHyxpeHHioio noeev^x- 
45 HOCTb nocne xepMMMecxoiJ^ o6pa6oxKM no3B0- 
nftfOT noBwcuTb nnacTMSHocxb MeTanna 
nnacTwp oSecneMviTb OnaroAapfl axoMy na- 
Aex<HOCTi» repMexwaaunH peMonxi^pyeMO^i 

' CKBd)KVtHbl. 

SO 

<I> opMyna vi3o6pexeHM» 



Cnoco6 w3roTOBneHM« ro<t>pwpo6aHHoro 
cxanbHoro nnacxwpfl. npeMMyiuecTBeHHO Anj? 
55 peMOHxa o5ca>KeHHoA CKsapxuHbi. .BKniOMa»o- 
KxXiAUi TepM0o6pa50TKy aarOToaxH. HaneceHne 
CMaaOMHoro cjyM na BHyTpeHHKjK) nOBepxHocTb 
3aroTOBXM w ee ro4)pv»poBaHi^. oTAWMatomn^' 
c SI TCM. w), c uenbK) noBbiiueHWH naAexcHOCxu 
repMCtH3auMM o6ca>KeHHOft ckb.ischhw nyreM na 
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BbiiueHMA n/iacrMHMocTi/i Mera/ina n/iacTMp*i. ocyiueCTB/i«»OT noc/ie ro^^pMpoeanHo. a soieM 

TepM006pC^60TKy TOlCdMM BblCOKOl^ saCTOTM nOBTOpHO MaMOCJIT CMa30St^blrt C/^OM. 



HcxoAHoa cocTOn- 
HMO MaT«pM8/ia 








Ao ro<^pMpoBaHMii 


noc/ie ro4>pMpo- I 


TepMOo5pd6orKfi 
noc/ie ro4>p»ip08a: 
MMp (HopManMsa- 
UMfl) c HdrpeaoM 

tOKAMM BbtCO- 
KOi^ MaCTOTblt 


noc/te paaAa^^ 


Eea T6pMoo6pd' 
60TKM 


1570 


1750 




2020 


C TepMoo5pa6oT- 


t350 


1660 




1966 


669 TepMoo6pa- 
60T1CM 


1570 


1750 


1350 


1750 



CocraBMTenb M.PoroxMHa 
PeAaicTPp H.ryHbKo Tex peA M-MopreHxa/i Koppeicrop Wl.Mycua 

Saicas 2S65 T^pax noAnwcHoe 

BHUyinW rocyaapcTBeHHOfO KOMwreTa no MsoepareHwuM m oTKpfc.Tv«iM npw TKHT cccp 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-fi-equency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel 

A disadvantage of the method is that, when a patch made fi-om unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from amiealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch: 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to abnost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to fiimace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake oflf during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example, For repair of a casing of diameter 146 nun with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 nmi with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-11.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 116 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the umer surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
materia] 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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